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@ Combined ether and alkylate production.

@ A process and system for producing an ether from an
alcohol and a tertiary olefin wherein inerts are present in and
are removed from the alcohol prior to the ether production,
so that unreacted olefins recovered from the ether manufac-
ture can be used to alkylate an isoparaffin without the
problem of contaminants and/or inerts accumulating in the
overhead system of the alkylation fractionation, which
accumulation of contaminants and/or inerts requires venting
of contaminants and/or inerts with the resultant loss of
alkylation catalyst and light hydrocarbons such as propane
from the alkylation operation.
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1

COMBINED ETHER AND ALKYLATE PRODUCTION

The present invention relates generally to the processing of
alcohol to remove undesirable contaminants therefrom. ,Ih one aspect the
invention relates to a combined process for the production of ether and
alkylate wherein alcohol is processed to remove undesirable contaminants
therefrom. In another aspect the invention relates to a system for
controlling the removal of undesirable contaminants from alcohol in a
combined process for the production of ether and alkylate.

It is known in the art to produce ether by the reaction of an
alcohol and a tertiary olefin. It is also known in the art to produce
high octane hydrocarbons by an HF alkylation-reaction in an olefin and an
isoparaffin. Both the ether and the alkylate are valuable motor fuel
components.

It is also known in the art to produce methyltertiarybutyl
ether (MTBE) by reacting isobutylene (in admixture with linear butylenes)
and methanol and charging the unreacted butylenes to an alkylation plant
in which the butylenes and an isoparaffin such as isobutane are reacted
to form high octane gasoline components.

Whereas the above discussed technologies have been developed to
a rather mature stage, several problems have remained. Thus, the
combination process of ether formation and alkylation outlined above has
the disadvantage that the olefin stream coming from the ether production
may contain materials which are either harmful to the alkylation reaction
as such or which tend to be released in the fractionation of the
alkylation product in gaseous form, building up pressure and requiring

venting, thus removing therewith, for instance, HF and/or propane, which
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are lost from the operation. An additional disadvantage of the
above~-described combination process is that the source of liquid methanol
and even the method of handling liquid methanol for storage results in
the methanol having dissolved therein oxygen and nitrogen, as from the
air. Purchased methanol from a typical source can have up to about 88
parts per million by weight of oxygen and about 186 parts per million by
weight of nitrogen (at 760mm Hg and 20°C) contained therein. Other
contaminants or inerts that can be present are hydrogen, methane, ethane,
ethylene, carbon dioxide, carbon monoxide, fuel gas, and/or materials
that give undesirable reactions in the alkylation unit or are not
condensed in the alkylation unit depropanizer accumulator.

In the process of manufacturing MIBE, the
isobutylene-containing hydrocarbon feedstock also contains other olefinms,
such as butene-1, cis-butene-2 and trans-buteme-2, along with normal
butane and isobutane. The feed may also contain propane, propylene,
isopentane, normal pentane, and amylenes. The unconverted or unreacted
linear butylenes are excellent feed componments for the HF alkylation of
isobutane to produce high octane gasoline. However, when the hydrocarbon
phase from the HF alkylation process is fractionated, light gases such as
oxygen, nitrogen, methane, fuel gas, ethane, hydrogen, ethylene, and the
like must not be present in the fractionmation system, and especially
should not be allowed to enter the overhead accumnlation of the
depropanizing zone, since these light gases (all with lower boiling
points than propane) pressure up the system and then must be vented from
the system. Venting of these light gases, as from the depropanizer
overhead accumulator, causes removal therewith of HF vapor and of
vaporous propane. This loss of valuable HF and propane cannot be
tolerated.

It is thus an object of the present invention to provide a
combined ether and alkylate forming process in which the introduction of
impurities into both the ether unit and the alkylation unit is minimized.

Another object of this invention is to provide a combined
process for the production of ether and alkylate with reduced risk of
losses of materials from the alkylation unit caused by undesirable
materials entering the alkylation unit from the ether and/or from a

source of alcohol.



10

15

20

25

30

35

e

0103870

A further object of this invention is to provide a combined
ether forming and alkylate forming process which renders the ether umit
and the alkylation unit even more compatible.

Yet another object of this invention is to provide a combined
either forming and alkylate forming process of increased efficiency of
operation.

Other objects, aspects, advantages, details, features and
embodiments of this invention will become apparent to those skilled in
the art from the following detailed description of the invention, the
appended claims and the drawings in which:

FIGS. 1A and 1B depict a schematic flow diagram of an

embodiment of this invention; and

FIG. 2 is a partial schematic flow diagram of an alternate
embodiment of this invention.

To prevent loss of HF and propane in the combined operation of
ether or MTBE manufacture and HF alkylation of isobutane with the
straight chain butenes recovered from the MIBE manufacturing process, the
alcohol reactant, preferably methanol for the manufacture of ether,
preferably MIBE, before being charged to the ether forming unit, is
processed for the removal of light gases, such as oxygen and nitrogen,
e.g., as from air, by the process of my invention which includes
subjecting the raw alcohol, preferably methanol, containing undesired at
least one of oxygen, nitrogen, methane, fuel gas, ethane, hydrogen, and
ethylene to a preliminary stripping operation. By employing the
preliminary stripping operation, substantially all the undesired at least
one of oxygen, nitrogen, methane, fuel gas, ethane, hydrogen, and
ethylene is removed from the alcohol, and a2 purified alcohol is recovered
which can be charged to the ether forming unit, and the recovered
straight chain butenes from the ether forming unit can then be charged to
the HF alkylation unit without the at least one of oxygen, nitrogen,
methane, fuel gas, ethane, hydrogen, and ethylene also referred to as
"contaminants" and/or "inerts", pressuring up the depropanizer
accumulator of the alkylation unit. By employing the process and
apparatus of the present invention, substantially no venting of the

depropanizer overhead accumulator is required and the desired savings of
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HF and propane is realized because of the pretreatment of the raw
alcohol, e.g., methanol.

More specifically, the present invention improves a process for
the production of both an ether and an alkylate. This process comprises
contacting olefins and an alcohol to form a first reaction mixture
comprising ether, alcohol and a portion of the the olefins. From this
first reaction mixture ether is recovered as a first product of the
process. In the ether forming unit one or more liquids are accumulated
in one or more vessels for later use in the ether forming reaction. An
olefin-containing stream is separated from the above-mentioned first
reaction mixture. This olefin-containing stream, or at least a portion
thereof, is contacted with an isoparaffin in the presence of an HF
alkylation catalyst under HF alkylation conditions to form a second
reaction mixture comprising alkylate. This alkylate is then recovered
from the second reaction mixture as a second product of the combination
process. This alkylate is generally recovered as a bottoms stream from a
ffactionation zone in which at least a portion of the second reaction
mixture is fractionated. The fractionation zone is provided with an
overhead accumulator in which the cooled and condensed overhead effluent
from the fractionation zone is accumulated. In accordance with this
invention, a feed stream of a mixture containing alcobol and at least one
of oxygen, nitrogen, methane, fuel gas, ethane, hydrogen, and ethylene is
distilled in a first distillation zone thereby forming a first
distillation overhead containing a first portion of the alcohol and the
at least one of oxygen, nitrogen, methane, fuel gas, ethane, hydrogen, as
well as a first distillation bottoms containing a second portion of the
alcohol. At least a portion of the first distillatiom overhead
containing the alcohol and the at least one of oxygen, nitrogen, methane,
fuel gas, ethane, hydrogen, and ethylene is passed through a condensing
zone forming a liquid phase and a gas phase in a phase separation zone.
The separated liquid alcohol phase at least imn part is returned to the
first distillation zone, and the gaseous at least one of oxygen,
nitrogen, methane, fuel gas, ethane, hydrogen, and ethylene phase is
vented to atmosphere, flare, or other suitable disposal. The first

distillation bottoms are recovered and supplied for use in the previously
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mentioned step of contacting olefins and an alcohol to form a first
reactjon mixture comprising ether, alcohol and a portion of the olefins.

In accordance with a preferred embodiment of the process of the
present invention, the alcohol employed is preferably methanol and the
tertiary olefin is isobutylene, and the ether produced is preferably
MTBE.

The ether forming reaction of the combination process of this
invention is known in the art both generally and in many of its details,
Reference is made to U.S. Patent No. 3,846,088 in which such an ether
production process, particularly for the production of MIBE is described.
The present invention is applicable to a variety of ether forming units.
Usually the ether forming reaction is carried out by contacting alkyl
alcohols having one to three carbon atoms, preferably methanol, with
monoolefins having four to six carbon atoms under ether forming
conditions in the presence of an ether forming catalyst. Preferably,
tertiary olefins having four or five carbon atoms and containing a
tertiary carbon atom, such as, for example isobutylene and isoamylenes (2
methyl butene-1, 2 methyl butene-2) are used in the ether forming
reaction. Typical ether forming catalysts include commercially available
"Amberlyst 15", "Dowex 50" and "Nalcite HCR". Ether forming reaction
conditions and catalysts are well konown in the art and are disclosed, for
instance, in U.S. Patent 3,846,088, the disclosure of which is herewith
incorporated by reference.

Similarly, the alkylation unit of the combination process of
this invention is well known. U.S. Patents Nos. 3,213,157, 3,211,536 and
3,309,882 describe such HF alkylation processes. The disclosures of
these patents are also incorporated herewith by reference. In the
conventional HF alkylation reaction, liquid isoparaffin and liquid olefin
are contacted with liquid HF catalyst to form a reaction mixture. The
reaction effluent is phase separated into a lower liquid HF catalyst
phase and an upper hydrocarbon phase comprising alkylate, unreacted
isoparaffin, and dissolved HF. The olefins useful in HF alkylation
reactions, and particularly in the combination process of this invention,

are olefins having three to five carbon atoms. The isoparaffins used for

the alkylation reaction are generally isoparaffins having four to six

carbon atoms, isobutane being particularly preferred.



10

15

20

25

30

35

6 "
. .

M . .

XX 13

e . =

0103870

Referring now to the drawings, and to FIGS. 1A and 1B in
particular, a combined ether and alkylate production process in
accordance with the present invention is illustrated in a schematic flow
diagram. An ether reactor 10, preferably an MIBE reactor is supplied
with a stream comprising olefins, particularly isobutylene, from a
suitable source of olefins by means of a pump 12. Process alcohol,
preferably methanol, is conveyed to the reactor 10 from an alcohol
storage drum 14 by means of a pump 16. The olefins, including at least
one tertiary olefin, e.g., isobutylene and methanol are contacted in the
reactor 10 under suitable ether reaction conditions to form a reaction
mixture which is withdrawn from the reactor 10 via conduit 18. This
reaction mixture comprises the ether formed, unreacted olefins and
unreacted alcohol. The ether reaction mixture is directed from the
conduit 18 into a fractiomator 20 wherein the reaction mixture is
fractionated and the ether is withdrawn from the fractiomator 20 via
conduit 22 as a first product of the process. An overhead stream leaves
the fractionator 20 via conduit 24 and comprises unreacted olefins and
methanol. This gaseous overhead stream is cooled by a suitable indirect
heat exchanger 26 and the thereby condensed liquid is accumulated in an
accumulator 28. A portion of the accumulated liquid is withdrawn from
the accumulator 28 and is reintroduced by means of a pump 30 and conduit
32 into the fractionator 20 as a reflux stream. The remaining or yield
portion of the accumulated liquid is passed from the accumulator 28 via
conduit 34 to an alcohol washing column 36 into which water is introduced
via conduit 38. A stream comprising mainly isobutane and the unreacted
olefins and being substantially free of alcohol (in this specific example
a stream containing mainly isobutane with linear butylenes as the olefin
and substantially free of methanol) leaves the alcohol washing column 36
via conduit 40. This olefin containing stream is combined with another
olefin containing stream passing from the pump 12 via conduit 42 (by-pass
around MTBE Reactor 10) and this combined stream passes via conduit 44 to
a suitable dryer 46 wherein any water contained therein from the alcohol
washing column 36 is removed.

Wet alcohol, preferably methanol, leaves the alcohol washing
column 36 via conduit 48 and is introduced into distillstion means in the

form of an alcohol fractionator 50. Alcohol (preferably methanol)
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containing & small amount of .water leaves the alcohol fractionator 50 as
an overhead stream via conduit 52. At least a portion of this alcohol
containing a small amount of water alcohol is passed as vapor via
conduits 54 and 56 to a cooler 58, and the thus condensed alcohol is
passed from the cooler 58 via 3-way valve 60 to a separating zone,
preferably in the form of an alcohol accumulator 62, where liquid
alcohol, in this example methanol, is accumulated. A conduit 64
interconnects conduit 54 and the 3-way valve 60 to provide a bypass for
the essentially vater free alcohol vapor arouﬁd the cqolér 58 to the

accumulator 62. Light-gaseoﬁs contaminants .and/or inerts, for example at

- least one of oxygen, nitrogen, methane, fuel gas, ethane, hydrogen and

‘ethylene are vented from the accumulator 62 via conduit 66 and a suitable

cooler 68 interposed therein allowing venting of contaminants and/or
inerts to the atmosphere or to a suitable flare for combustion prior to
release to the atmosphere. The cooler 68 functions to condense any
alcohol vapor vented from the accumulator 62 to prevent alcohol loss. A
portion of the accumnlated alcohol in the alcohol accumulator 62 is
passed via conduit 70 and pump 72 to the alcohol fractionator 50 as a
reflux stream. The remaining or yield portion of the alcohol accumulated
in the alcohol accumulator 62 is passed via conduit 70, pump 72 and
conduit 74 to a suitable distillation zone preferably in the form of an
alcohol stripper column 76. Water is withdrawn from the bottom of the
alcohol fractiomator 50 via conduit 78 and indirect heat exchangers 80
and 82 interposed in conduit 78 for recovering heat from the water. This
water in part can be recycled to conduit 38 by a suitable conduit (mot
shown) as a portion of the wash water for removing the alcohol from the
stream comprising unreacted olefins and alcohol.

Flow of the water through the conduit 78 is preferably
controlled by suitable flow control means 84 interposed in the conduit 78
responsive to a suitable level controller 86 which senses the level of
liquid water in the lower portion of the alcohol fractiomator 50, and
regulates the flow of the water through the conduit 78 such that the
water level within the alcohol fractiomator 50 is maintained within a
suitable range.

Raw alcohol, in this example methanol, is received from a

suitable source of raw alcohol into a suitable alcohol storage vessel 88.
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Raw alcohol from the alcohol storage vessel 88 is conveyed to the alcohol
stripper column 76 via a pump 90, 2 conduit 92 and previously described
conduit 74. The raw alcohol from the alcohol storage vessel is combined
with the yield portion of the alcohol from the alcohol accumnlator 62 at
the juncture of the conduits 74 and 92, and the resulting combined
alcohol stream is introduced into the alcohol stripper column 76. An
alcohol distillation bottoms stream of liquid alcohol is passed from the
lower end of the alcohol stripper column 76 to the alcohol storage drum
14 via conduit 94 and a suitable indirect heat exchanger 96 interposed in
the conduit 94 to provide cooling of the liquid alcohol and heat
recovery. The flow of liquid alcohol through conduit 94 is regulated by
suitable flow control means 98 operatively related to a suitable level
controller 100 in the lower portion of the alcohol stripper column 76,
whereby the flow of liquid alcohol through the conduit 94 is constantly
adjusted to maintain the level of liquid alcohol in the lower portion of
the column 76 within a predetermined range as sensed by the level
controller 100.

| A distillation overhead vapor stream containing a portion of
the alcohol fed into the alcohol stripper column 76, as well as light
gaseous contaminants and/or imerts, such as, for example, at least one of
oxygen, nitrogen, methane, fuel gas, ethane, hydrogen, and ethylene is
passed from the upper end of the alcohol stripper column 76 via conduit
102 to the juncture of previously described conduits 54 and 56. At the
juncture of conduits 54, 56 and 102, the distillation overhead stream
from the alcohol stripper column 76 is combined with the alcohol overhead
stream from the alcohol fractionator 50 and is conducted through the
previously described cooler 58 and 3-way valve 60 into the alcohol
accumulator 62. It will be understood that the gaseous inerts introduced
into the alcohol accumulator 62 as a consequence of the introduction of
the distillation overhead stream from the alcohol stripper column 76 into
the alcohol accumulator 62 will be conducted from the accumulator 62 via
the conduit 66 and cooler 68 for venting to the atmosphere or to a
suitable flare as has been previously described.

Suitable flow control means 104, having a predetermined set

point, is interposed in conduit 74 intermediate conduit 92 and the

alcohol stripper column 76. The flow control means 104 is operatively
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connected by suitable means to suitable flow control means 106 interposéd
in a steam supply line 108 which supplies steam to the lower end of the
alcohol stripper column 76 to thereby control the heat input into the
alcohol stripper column 76 to thus control the operation of the alcohol
stripper column 76 in a predetermined manner.

A suitable pressure controller 110 is operatively connected to
the alcohol accumulator 62 to monitor the pressure therein. Pressure
controller 110 is operatively connected by suitable means to the 3-way
valve 60 and a control valve 112 interposed in conduit 66 whereby the
valves 60 and 112 are automatically actuated to maintain the pressure in
the alcohol accumulator 62 at a predetermined set point.

A suitable analyzer 114 is connected in fluid flow
communication with the conduit 52 to monitor the alcohol content of the
overhead passing from the alcohol fractionator 50. The analyzer 114 is
operatively connected by suitable means to suitable flow control means
116 interposed in conduit 70 intermediate the pump 72 and the alcohol
fractionator 50 whereby the flow of the reflux stream to the alcohol
fractionator 50 is increased in response to the sensing by'the'analyzer
114 of the presence of too little alcohol (too much water) in the
overhead from the alcohol fractionator 50 to thereby prevent the removal

of excessive water in the overhead.

Suitable flow control means 118 are interposed in the conduit

74 intermediate conduits 70 and 92, are operatively connected by suitable

means to a level controller 120, operatively related to the alcohol
accumulator 62 and respomsive to the level of liquid alcohol therein, for
controlling the flow of liquid alcohol through the conduit 74 in response
to signals from the level controller 120 to thereby maintain the liquid
level within the accumulator 62 within a predetermined range.

An olefin feedstream comprising dried olefins, (including
isobutane and normal butane) from the dryer 46 is introduced into an
alkylation reactor 122 via conduits 124 and 126. Also introduced into the
alkylation reactor is an isoparaffin-containing stream, preferably an
isobutane-containing stream, from a suitable isoparaffin source via
conduits 128, 130 and 126. The liquid hydrocarbon phase is passed from
the upper portion of the alkylation reactor to a fractionator 132 via

conduit 134, pump 136 and & suitable heater 138 interposed in conduit
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134, An alkylate stream is withdrawn from the bottom of the fractiomator
132 via conduit 140. A paraffin vapor stream, usually n-butane, is
withdrawn from the fractionator 132 via conduit 142. Isobutane liquid is
withdrawn from the fractiomator 132 via conduit 144 and is recycled to
the HF alkylation reactor 122 via conduit 144 and conduits 130 and 126,
and the overhead vapor stream comprising propane vapor and HF vapor is
withdrawn from the upper end of the fractionator 132 via conduit 146 and
is passed to an overhead accumulator 148 via conduit 150 and a suitable
cooler-condenser 152 interposed in conduit 150. A portiom of the liquid
phase in the accumulator 148 is withdrawn via conduit 154 and is passed
to the upper end of the fractionator 132 as a reflux stream via pump 156
interposed in conduit 154. The yield portion of the liquid phase is
withdrawn from conduit 154 downstream of the pump 156 and is passed via
conduit 158 to a stripper 160. Liquid HF is withdrawn from a downwardly
extending leg of the overhead accumulator 148 via conduit 162, for
recycle to the alkylation reactor by suitable conduit means {(not shown).
Liquid propane is withdrawn as a bottoms stream from the lower end of the
stripper 160 via conduit 164. Propane vapor and HF vapér are passed from
the upper end of the stripper 160 as an overhead stream and are recycled
to the overhead accumulator 148 via a conduit 166 as well as conduit 150
and cooler-condenser 152. In the event of excess pressure within the
overhead accumulator 148, the gaseous phase therein can be vented to the
atmosphere or to a suitable flare via conduit 168 and suitable normally
closed valve 170 interposed in conduit 168. .

The HF alkylation reactor 122 comprises an alkylation reaction
zone 172 in which the isobutane feed from stream conduit 126 is alkylated
with the olefins from the dryer 46 in the presence of HF catalyst. The
HF alkylation reactor 122 further includes a phase separator zone 174 in
which the liquid hydrocarbon phase is separated from the liquid HF phase,
with the liquid hydrocarbon phase passing from the phase separator zone
174 in the upper portion of the alkylation reactor 122 via the previously
mentioned conduit 134, and with the liquid HF phase passing from the
bottom of the phase separator zone 174 as a bottoms stream via conduit
176, and the thus separated liquid HF is recycled to the alkylation

reaction zone 172 wvia cooler 177.
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It is presently preferred to operate the aslcohol stripper
column 76 such that from sbout 5 to about 30 volume percent of the
alcobhol stream, in this example methanol, preferably about 10 volume
percent of the alcohol stream, along with at least one of oxygen,
nitrogen, methane, fuel gas, ethane, hydrogen, and ethyleme, is taken
from the alcohol stripper column 76 as overhead through conduit 102.

A typical distillation column for use as the alcohol stripper
column 76 is provided with from about 10 to about 20 bubble trays.
Typical operating conditions for the alcohol stripper portion of
above-described system are ags listed in the following table.

TYPICAL OPERATING CONDITION OF THE
ALCOHOL STRIPPER

(20 trays)
Pressure, psia
Bottom of Stripper 40
Top of Stripper 36
Accumulator 32
Temperatures, °F
Bottom of Stripper 200
Top of Stripper 190
Accumulator 30
Typical Methanol Product at Conduit 94
Oxygen, ppm wt nil
Nitrogen, ppm wt nil
Otber contaminants and/or inerts, ppm wt nil

it will be further noted that the system illustrated in FIG. 1A
is preferably provided with a conduit 178 which provides means for
bypassing purified alcohol, in this case methanol, from the alcohol
stripper column 76 and conduit 94 around the alcohol storage drum 14 to
be directly introduced into the reactor 10 along with the tertiary
olefin-containing feed stream.

Referring now to FIG. 2, there is illustrated an alternate form
of alcohol purification system for use in the combined ether and alkylate
production system of the present invention. The system illustrated in
FIG. 2 directs raw alcohol, in this case methanol, from the alcohol
storage vessel 88 to the upper end portion of a distillation zone,
preferably in the form of a suitable alcohol stripper column 76, via
conduit 180 and a suitable pump 90 interposed therein. The purified
liquid alcohol bottoms product is directed from the bottom of the column

76 via conduit 94 and indirect heat exchanger 96 to the alcohol storage
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drum 14. The indirect heat exchanger 96 provides means for preheating
the raw alcohol stream passing through conduit 180 to the column 76. The
vaporous overhead from the column 76, comprising alcohol, in this case
methanol, and various contaminants and/or inerts, such as at least one of
oxygen, nitrogen, methane, fuel gas, ethane, hydrogen, and ethylene, is
conveyed from the top of the column 76 via conduits 102, 54 and 56,
cooler-condenser 58 and 3-way valve 60 to a separating zone, preferably
in the form of an alcohol accumulator 62. Conduit 64 provides vapor
bypass fluid communication between conduit 102 and the 3-way valve 60.
Bypass of the gaseous overhead from the stripper column 76 is controlled
by the 3-way valve 60 in response to a suitable temperature controller
182 which is operatively connected to the valve 60 and controls its
operation in response to the temperature sensed within the accumulator
62. The liquid phase within the accumulator 62 is passed therefrom to
the upper end portion of the stripper column 76 as a reflux stream via
conduit 184 and a suitable pump 186 interposed therein. Preferably all
of the liquid phase from the accumulator 62 is used for this reflux
stream. The flow rate of the reflux stream through conduit 184 is
controlled by suitable operatively comnected flow control means 188 and
190 in response to the flow rate of raw alcohol feed to the column 76
through conduit 180. The gaseous phase within the accumulator 62, -
comprising the various contaminants and/or inmerts previously contained
within the raw alcohol, for example, oxygen and/or nitrogen, is vented
from the accumulator 62 via conduit 66 either to the atmosphere or to a
suitable flare. Control of flow through the conduit 66 is provided by a
suitable pressure controller 192 comprising coatrol valve means
interposed in the conduit 66 and responsive to the pressure within the
accumulator 62. Reboil heat is provided to the lower portion of the
alcohol stripper column 76 from the source of steam through conduit 108.
Reboil heat input to the column 76 is controlled by means of suitable
flow control means 194 comprising valve means interposed in conduit 108
and operatively connected to a suitable level control 196 on the
accumulator 62 which controls steam flow to the column 76 in respomse to
a liquid level sensed within the accumulator 62.

The flow rate of purified liquid alcohol from fhe bottom of the

alcohol stripper column 76 is controlled by a suitable flow control valve
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level controller 198 which senses the liquid level within the lower end
portion of the column 76 and controls the liquid flow in response to the
liquid level within a predetermined range. The alcohol storage drum 1&
is preferably provided with pressure relief means in the form of a vent
conduit 200 with suitable valve means interposed therein and operatively
connected to a suitable pressure controller 202 which controls actuation
of the valve means in response to the pressure sensed within the alcohol
storage drum 14 so that the storage drum 14 is vented to the atmosphere
or to a suitable flare when the pressure within the drum 14 exceeds a
predetermined value.

Typical operating conditions for the system illustrated im FIG
2 are identical to the operating conditions listed above for the system

illustrated in FIGS. 1A and 1B.

_ From the foregoing detailed description, it will be readily
apparent that the present invention readily overcomes the previously
discussed deficiencies of the prior art and meets all the recited objects
of the present invention. Changes may be made in the combination and
arrangement of parts or elements as heretofore set forth in the

specification and shown in the drawings without departing from the spirit

and scope of the invention as defined in the following claims.
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Claims

1. A combipation -process of ether production and alkylate\
production which includes the steps of:

(a) contacting olefins and an alcohol to form a2 first reaction
mixture comprising ether, alcohol and a portion of the olefin;

(b) recovering ether from said first reaction mixture as a
first product of the combination process;

(c) accumulating a liquid in a vessel for later use in
contacting step (a); '

(d) separating an olefin-containing stream from said first
reaction mixture;

(e) contacting at legst a portion of said olefin-containing

stream with at least one isoparaffin in the presence of an HF alkylation

catalyst under HF alkylation conditions to form a second reaction mixture
comprising alkylate; and

(f) recovering alkylate from said second reaction mixture as a
further product of the process as a bottoms stream from a fractionation
zone in which at least a portion of the secqu reaction mixture is

fractionated and which fractionation zome is provided with an overhead
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accumulator in which cooled, condensed overhead effluent from said
fractionation zome is accumulated;

characterized by

distilling a feed stream of a mixture containing an alcohol
and at least ome of oxygen, nitrogen, methane, fuel gas, ethane,
bydrogen, and ethylene in a first distillation zone thereby forming a
first distillation overhead containing a first portiom of said alcohol
and said at least one of oxygen, nitrogen, methane, fuel gas, ethane,
bydrogen, and ethylene and a first distillation bottoms containing a
second portion of said alcohol;

condensing at least a portion of said first distillation
overhead containing said alcohol and said at least one of oxygen,
nitrogen, methane, fuel gas, ethane, hydrogen, and ethylene;

thereafter, separating said first distillation overhead in a
separating zone into separated liquid alcohol and gaseous at least one of
oxygen, nitrogen, methane, fuel gas; ethane, hydrogen, and ethylene; and

recovering said first distillation bottoms and supplying said

thus recovered first distillation bottoms for use in the contacting step

(a).

2. The process of claim 1 characterized in that at least a
portion of said separated liguid alcohol is introduced
into said first distillation zone as a portion of said
feed stream with said mixture containing an alcohol and

at least one of oxygen, nitrogen, methane, fuel gas,
ethane, hydrogen, and ethylene.

3. The process of claim 1 or 2 characterized further to
include:

separating a liquid containing water and alcohol from
said first reaction mixture;

distilling said thus separated liquid containing water
and alcohol in a second distillation zone thereby forming
a second distillation overhead containing said alcochol
and a second distillation bottoms containing said water;

and

recovering said second distillation overhead containing
said alcohol.
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1 4. The process of claim 3 characterized in that at least a
portion of said recovered second distillation overhead

is condensed to liquid and at least a portion of the thus
condensed liquid is introduced into said second distilla-
tion zone as a reflux stream.

5. The process of claim 3 characterized in that at least a
portion of said recovered second distillation overhead is
condensed to liquid and at least a portion of the thus

10 condensed liquid is introduced into said first distilla-
tion zone as a portion of said feed stream with said mix-
ture containing an alcohol and at least one of oxygen,
nitrogen, methane, fuel gas, ethane, hydrogen, and
ethylene.

15

6. The process of claim 5 characterized in that at least a
portion of the thus condensed liquid is introduced into

said second distillation zone as a reflux stream.

20 7- The process of claim 1 characterized in that at least a

portion of said separated liquid alcohol is introduced

into said first distillation zone as a reflux stream.

8. The process of claim 1 characterized in that from 5 to 30
25 voume percent of said feed stream of a mixture containing
an alcohol and at least one of oxygen, nitrogen, methane,

fuel gas, ethane, hydrogen, and ethylene is formed into

said first distillation overhead in said distilling step.

30 9. The process of any of claims 1 to 8 characterized in that
said alcohol is methanol.

10. The process of any of claims 1 to 9 characterized in that
said gaseous at least one of dxygen, nitrogen, methane,
35 fuel gas, ethane, hydrogen, and ethylehe is combusted
and vented to atmosphere.

11. A system for controlling the process of any of claims 1

to 10 characterized by means responsive to the flow of
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said feed stream into said first distillation zone for
controlling the heat input into said first distillation
zone; Or means responsive to the flow of said feed stream
into said first distillation zone for controlling the
heat input into said first distillation zone, and means
responsive to the level of said first distillation bottoms
in said first distillation zone for controlling the out-
put of said first distillation bottoms from said first
distillation zone; in particular characterized further

to include means responsive to the level of separated
liguid alcohol in said separating zone for controlling
the output of separated liquid alcohol from said separa-

ting zone into said first distillation zone as a portion
of said feed stream.

A system for controlling the process of any of claims

1 to 10 characterized by means responsive to the level

of separated liguid alcohol in said separating zone for
controlling heat input into said first distillationvzbne;
or means responsive to the flow of said feed stream into
said first distillation zone for controlling the intro-
duction of said reflux stream into said first distilla-
tion zone; or means responsive to the level of said first
distillation bottoms in said first distillation zone for
controlling the output of said first distillation bottoms
from said first distillation zone; or means responsive to
the temperature within said separating zone for control-
ling the condensing of at least a portion of said first
distillation overhead; or means responsive to the pressure
within said separating zone for controlling the venting of
said gaseous at least one of oxygen, nitrogen, methane,

fuel gas, ethane, hydrogen, and ethylene from said sepa-
rating zone.
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